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Abstract: Robin sequence (RS) is a commonly encountered triad of micrognathia, glossoptosis,
and airway obstruction, with or without a cleft palate. The management of airway obstruction is
of paramount importance, and multiple reviews and retrospective series outline the diagnosis and
treatment of RS. This article focuses on the multidisciplinary nature of RS and the specialists’
contributions and thought processes regarding the management of the RS child from birth to
skeletal maturity. This review demonstrates that the care of these children extends far beyond
the acute airway obstruction and that thorough monitoring and appropriate intervention are
required to help them achieve optimal outcomes.
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Introduction

In 1822, the French naturalist and comparative anatomist Etienne Geoffroy Saint-
Hilaire reported a case of micrognathia in a sheep associated with other congenital
anomalies which he termed “sphenocephalus.”! In 1844, cleft palate associated with
tongue-based upper airway obstruction was reported by Fairbairn. The first of his two
reported patients had significant problems with speech and the second died within 48
h of birth.? The French stomatologist Pierre Robin wrote extensively on glossoptosis
and mandibular hypotrophy and is credited with the eponymous triad. Pierre Robin
sequence (PRS) or simply Robin sequence (RS) is traditionally described as retrog-
nathia, glossoptosis, and airway obstruction.?

The incidence of RS is reported widely from 1 in 5,000 to 1 in 50,000 births based
on the definition used.** Cleft palate is associated with RS in 66%-90% of cases and
is often included in the definition of RS.¢ This was not part of Robin’s original descrip-
tion, which may lead to the sequence being underreported. The mortality associated
with upper airway obstruction varies widely from 1.7% to 65%.7® The diagnosis of RS
initiates an evaluation to determine whether this is an isolated occurrence or a known
association or syndrome.’ The most common syndromes by which RS is identified
are Stickler (34%) and velocardiofacial syndrome (11%), and in the literature, the
occurrence of isolated RS accounts for 20%—40% of all cases.'®'?

Developmental abnormalities primarily produce a hypoplastic or retro-positioned
mandible. This leads to the base of the tongue being shifted into an abnormal posterior
position that causes airway obstruction and a host of secondary issues. The exact etiology
of'the initial hypoplasia is not known in all cases, and the current genetic investigations
demonstrate that it may significantly vary from case to case. The definition does not spe-
cifically require the etiologies to be similar, but the subsequent sequence of findings need
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to be consistent. Because the initial mandibular hypoplasia
results in a sequence of later developmental and physiologic
events, RS is defined as a sequence and not a syndrome. The
secondary effects of airway obstruction at the tongue base
include failure to thrive, developmental delay, tooth and jaw
growth anomalies, reflux, feeding difficulties, CO, retention,
heart failure, brain damage, and sudden death.'*'

The presentation of RS is as variable as the specific eti-
ologies that contribute to the final common pathway of RS.
The multiple systems that are involved provide an avenue
by which practitioners of multiple specialties can provide
the initial diagnosis. Although not a syndrome itself, it can
often be associated with syndromes resulting in multiple
anatomical system involvement. Multiple specialties often
need to be involved, including perinatology (maternal—fetal
medicine), neonatology, pulmonary/sleep medicine, devel-
opmental pediatrics, plastic surgery, oral and maxillofacial
surgery, orthodontics, otolaryngology, ophthalmology, genet-
ics, general surgery, cardiology, neurology, dentistry, speech
pathology, nutritionists, feeding specialists, audiology, and
social work.'®

Our specific multidisciplinary group grew from single
specialty treatment to the inclusion of the above specialties
because of the revolution over years that the small jaw had
further reaching consequences than just airway obstruction.
As a significant proportion of children have a cleft palate,
they are seen under the auspices of the cleft and craniofacial
clinic. Given the relatively low incidence of RS, it would
also be difficult for any center to have sufficient patients to
justify a robust RS clinic with specialists that are commonly
encountered in a cleft care clinic.

Multiple reviews regarding the management of the RS
patient as well as on the decision making regarding the choice
of airway obstruction management have been written.'” %
The purpose of this review is to provide insight from all
specialties regarding the thought process from conception
to skeletal maturity of these intricate patients.

Prenatal and initial assessments -
nonsurgical management
(perinatology, neonatology,
developmental pediatrics,
pulmonary/sleep medicine,
gastroenterology/feeding/nutrition)

Perinatology (maternal—fetal medicine)
In the multidisciplinary management of patients with RS, a
perinatologist is responsible for the initial detection of RS

in the prenatal period and coordination of delivery at a mul-
tidisciplinary center. Although not the most common path,
the initial diagnosis of RS can sometimes be made prenatally,
either by ultrasonography or by magnetic resonance imag-
ing.?*?* Intuitively, identification of such children would be
optimal as a difficult airway in a neonate can lead to hypoxia,
cerebral damage, and possibly death.

The first described case was in 1986, where a fetus with
RS was identified because of an affected sibling.?* As similar
prior knowledge is difficult to obtain in most of the cases,
specific measurements have been studied in order to provide
a high specificity and sensitivity in prenatally diagnosing
RS. In general, the severity of RS will dictate the sensitivity
of the diagnostic test.”* Very severe cases that are apparent
on imaging will subsequently result in very severe RS. As
the severity decreases, the imprecision of the imaging and
overlap of jaw sizes in normal and RS patients dictate that the
test will become less sensitive and specific.?* Multiple case
reports also show the association of polyhydramnios and a
small jaw, possibly indicating that a tongue that is too large
for the oral cavity could also cause obstruction in swallowing
amniotic fluid.?

Finally, in most severe cases, ultrasound is used to
identify children with RS, since problems that are large
enough to be seen in utero are likely to translate into more
severe forms of the disease. Although it is uncommonly
diagnosed in this fashion, the authors usually recommend
delivery at a center with neonatologists and anesthesiolo-
gists who are familiar with the management of complex
airway obstruction.

Neonatology

In the multidisciplinary management of patients with RS,
a neonatologist is responsible for initial recognition of RS,
initial stabilization, as well as coordination of care in the early
management of airway obstruction, feeding dysfunction, and
identification of associated conditions.

Although airway obstruction is included in most defini-
tions of RS, the timing of presentation and severity of com-
promise vary. For patients with mild obstruction, the initial
management may be limited to prone positioning with or
without supplemental oxygen. Prone positioning allows for
the mandible and tongue base to fall forward, thus relieving
the obstruction with reported success rates between 44% and
69%.62%29 For those in whom conservative measures are used,
home cardiac-apnea monitoring could be used as an adjunct
as the patients should be kept in prone positioning during
sleep. In addition, provisions should be made for safe car
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transport in the prone positioning which can be performed
with a specialized car bed.*

For infants with persistent obstruction in the prone
position, additional short-term measures include nasal con-
tinuous positive airway pressure (CPAP) or nasopharyngeal
airway (NPA) while awaiting a definitive airway interven-
tion. Although these measures may be viewed as short-term
interventions, a recent study reported a small group of infants
supported with CPAP as outpatients.’! Although this treat-
ment strategy is not likely to gain widespread use, interest
has been increasing in the use of NPA for long-term airway
management, NPA may allow for growth of the mandible with
reports of as many as 36%—100% of RS patients being treated
successfully by using this method.?*3?* A recent Brazilian
study reported that a group of infants treated with NPA for a
median of 60 (£28) days showed comparable development at
school age to those managed conservatively, despite the NPA
group having a higher degree of obstruction.>

Although noninvasive measures are preferred, some
infants with RS will not be adequately supported with these
measures and for whom an invasive airway is needed. Endo-
tracheal intubation provides a stable airway, but intubation
in patients with RS may be challenging for even the most
experienced clinicians. For infants in whom intubation is
particularly challenging, a laryngeal mask airway (LMA) is
a useful adjunctive measure and has been reported as a suc-
cessful temporizing measure for patients with RS, with one
study reporting LMA use for 4 days.’® Although an LMA is
not intended for long-term ventilation, it may allow time for
a more definitive airway solution.’

Once airway obstruction is adequately managed, a careful
feeding assessment should be completed on all patients with
RS since as many as 38%—62% of patients with RS require
supplemental tube feedings. Supplemental feedings may ini-
tially be given by nasogastric tube, but for those with chronic
feeding difficulties, a gastrostomy tube is often used. Those
patients with a syndromic diagnosis or associated malforma-
tion are at highest risk for chronic feeding dysfunction, while
significant feeding difficulty beyond 1 year of age in isolated
RS is uncommon."

Early management of patients with RS should include an
evaluation for associated anomalies and syndromes. Initially,
a thorough family history and physical examination help to
identify any associated anomalies. Based on the physical
examination, finding further imaging studies and genetic
analysis should be performed. The neonatologist caring for
patients with RS should have a heightened index of suspicion
for associated conditions, since as many as 65% of patients

have been shown to have other anomalies.*® Echocardiog-
raphy is often performed since ~30% of RS patients have
associated cardiac anomalies.* Since the diagnoses associ-
ated with RS are diverse (currently 37 conditions listed by
The Online Mendelian Inheritance in Man), a chromosomal
microarray is often used to identify various genetic condi-
tions.* However, since many associated conditions exist and
genetic testing modalities are changing rapidly, consultation
with a geneticist is recommended for all patients with RS.
Special consideration should be paid for evaluating Stickler
syndrome as they account for 4%—36% of patients with
RS. Association with 22q11.2 deletion syndrome has been
reported in ~13% of patients with RS; however, a report using
modern molecular testing showed a frequency of only 1.5%.38
Regardless of whether or not a syndrome is identified dur-
ing the initial hospitalization, longitudinal follow-up with a
medical geneticist is important to allow for the identification
of associated syndromes as these may become more evident
as the child ages. To this point, a recent study showed that
after re-evaluation in childhood by clinical geneticists, the
underlying diagnosis for patients with RS was changed in
25% of patients.*

In all, the neonatologist has the opportunity to provide
initial stabilization as well as help to coordinate the early
management of airway, feeding, and further evaluation of
associated anomalies and syndromes.

Developmental pediatrics

In the multidisciplinary management of patients with RS, a
pediatrician’s role is similar in part to the neonatologist, in
that they are often responsible for the initial recognition of
RS as well as coordination of care in the early management
of airway obstruction, feeding dysfunction, and identification
of associated conditions of those patients who are not initially
evaluated in a neonatal setting. Depending on the primary
care doctor’s expertise, the evaluation can be initiated in the
birthing hospital, office, or at a tertiary pediatric facility, if
available. During the first weeks of life, the presentation of
an infant with a small appearing chin, cleft palate, and loud
or noisy breathing, poor feeding, or excessive weight loss
should help to identify infants at risk for RS. If not identi-
fied prenatally, the primary care provider should address
these observations directly with the family and recommend
further evaluation.

Airway management and breathing can pose signifi-
cant challenges to the physician caring for the infant. An
infant with RS may look unobstructed because the infant
is unable to generate sufficient inspiratory pull to develop
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noisy breathing. These infants may become distressed while
sleeping, feeding, or even with typical mother—baby activ-
ity. Such significant airway obstruction should be evaluated
at the nearest facility with expertise to care for infants in
respiratory distress. The infant needs continuous monitoring
as significant airway obstruction can occur during the first
8 weeks of life."!

The primary care provider or developmental pediatrician
in the craniofacial clinic system needs to be comfortable in
obtaining consultations from various medical and pediatric
professional services. While this process often begins in a
neonatology setting, not all RS patients will be treated in
this setting. Also, once the infant has been discharged from
the neonatology setting, the developmental pediatrician
takes over the coordination of the multidisciplinary care. At
the first family meeting with the infant, a discussion of the
complexity of RS should occur including the subspecialties
that may need to have input in the infant’s medical plan. As
mentioned in the “Neonatology” section, these include but
are not limited to pulmonology, otolaryngology, plastic sur-
gery/craniofacial surgery, genetics and genetic counseling,
ophthalmology, cardiology, gastroenterology and nutrition,
speech therapy, occupational therapy, and social work. The
medical expertise of caregivers from these areas ensure the
optimal growth and development of an infant born with RS.
Early intervention cannot be emphasized enough. Cognitive,
motor, and psychosocial development of children with RS has
been compared with naturally developing children.*>** Some
authors have followed children with RS and identified early
developmental challenges, especially speech, that are helped
with early and consistent speech therapy intervention.**4
Since development is considered to be similar to typically
developing children, any identified deviations from typical
development warrant a full evaluation.

Pulmonary/sleep medicine

In the multidisciplinary management of patients with RS,
a pediatric pulmonologist is involved in the evaluation of
ventilatory compromise in the presence of airway obstruc-
tion. Although upper airway obstruction is expected as a
result of micrognathia, this can also be due to co-morbid
airway lesions, treatment of which will be addressed more
completely in the “Otolaryngology” section. This is particu-
larly true in syndromic RS. Complete evaluation consists
of a physical examination, anatomic assessment of airway
compromise, and a functional assessment of the adequacy
of ventilation.

Clinical practice varies widely between institutions
depending on available specialist expertise, but typically
includes bedside clinical assessment of airway compromise —
assessing severity of stridor, chest and neck retractions in
the supine and prone positions, feeding difficulty, as well as
positional oxygen desaturations. Objective assessment con-
sists of flexible nasopharyngoscopy, bronchoscopy, oximetry,
polysomnography (PSG), and video swallow study in the
presence of speech pathologist in order to assess oromotor
coordination.

The reliability of airway endoscopy in ruling out airway
lesions, other than base of tongue obstruction, depends on
the clinical stability of the patient at the time of evaluation,
technical skill, and experience of the bronchoscopist. The
procedure is technically more difficult in neonates than in
older children. Co-morbid airway lesions in RS include cho-
anal atresia, pharyngomalacia, glossoptosis, laryngomalacia,
subglottic stenosis, tracheomalacia, bronchomalacia, and
tracheal stenosis — including complete tracheal rings. Aspi-
ration bronchitis can be suggested by the airway evaluation
and a bronchoalveolar lavage. Oximetry has been reported
in RS, but no standardization exists for technique, or the
proper threshold for clinically significant abnormalities.
Also, artifacts in testing can significantly risk compromising
data analysis.*

Because of the problems associated with other techniques,
PSG has supplanted oximetry when institutional capability
enables the test. Although accurate quantification of airway
obstruction and gas exchange disturbances are possible by
PSG, the literature does not offer clear guidance on which
parameters and their respective severity thresholds are
clinically significant. Studies have tried to correlate physical
examination, anatomic severity, and PSG results with the
finding that severity of clinical presentation is not necessarily
correlated with PSG results.

A factor complicating PSG interpretation which is a less
addressed issue, is that normative data for PSG parameters
in the neonatal age group using current standardized data
collection are lacking. In fact, PSG performed on all non-RS
cleft palate patients averages around an apnea hypopnea index
(AHI) of 20 per hour (while normal, although debatable is
<2 events per hour). Outcome studies on RS patients who
have undergone PSG have failed to provide guidance on an
AHI threshold for predicting adverse outcomes.*

The most severe respiratory compromise is usually iden-
tified in the neonates, most likely due to a combination of
immaturity in respiratory control and low functional residual

submit your manuscript

124

Dove

Journal of Multidisciplinary Healthcare 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Journal of Multidisciplinary Healthcare downloaded from https://www.dovepress.com/ by 207.241.231.83 on 20-Jul-2018

For personal use only.

Dove

Robin sequence

capacity of the lung superimposed on the airway compro-
mise. These factors are often exacerbated in the syndromic
RS patient. Nonsyndromic RS patients often improve after
the correction of airway obstruction post-intervention or
with natural jaw growth but may have continued obstructive
sleep apnea (OSA) and dysphagia throughout infancy and
into the preschool years due to cleft palate and pharyngeal
distortion. Syndromic RS patients may continue to have
respiratory compromise for years depending on the nature
and severity of their co-morbidities. Longitudinal follow-up
typically involves serial PSG, airway endoscopy, and clinical
assessments tailored to individual patients.

Gastroenterology/feeding/nutrition

In the multidisciplinary management of patients with RS, a
gastroenterologist is involved in the evaluation and manage-
ment of feeding dysfunction. Feeding dysfunction is primar-
ily related to the micrognathia, cleft palate, and the need to
alternate breathing and swallowing. The infant needs a free
airway providing enough time to swallow between breaths.
Feeding of infants with RS is challenging.**** The more sig-
nificant the airway obstruction, the more difficult to initiate
oral feeds to maintain growth and development. A nurse,
physician, or feeding specialist should observe early feeds
to determine safety of oral nutrition. Since the palate is often
abnormal or nonfunctional, breast feeding may be difficult,
if not impossible. Bottle feeding may also be challenging.
Any system that removes the oral control of the milk flow
and swallowing must be avoided as the failure to allow the
infant to practice and improve oromotor skills while eating,
will result in long term feeding dysfunction, even after cor-
rection of the anatomic defects.

Signs of dysphagia are prolonged bottle feeding, pulling
back from an oral feeding system, feeding refusal, coughing
or choking with feeds, or any other signs of distress while
swallowing. If these signs are observed, oral feeds should
be discontinued and nasogastric or orogastric tube feeds
should be initiated. Families can be taught how to place
nasogastric or orogastric tubes and how to feed an infant by
using these means. Evaluation by feeding specialists and
feeding therapy are essential for the infant to eventually
become a successful feeder. Clinical evaluation of feeding,
even by the most experienced feeding therapists, has shown
to be erroneous and miss aspiration of milk into the airway
30% of the time.*” Fluoroscopic video assessment or flex-
ible endoscopic evaluation of swallowing may be needed to
guide feeding decisions and alternate methods of feeding if
indicated. When aspiration is a concern, evaluation also needs

to be performed to determine whether a component of reflux
is involved. Traditional pH monitoring can be used; however,
this only detects acid reflux. Newer methodologies, such as
multichannel intraluminal impedance (MII-pH) provides
more comprehensive evaluation of reflux, including ability
for bolus clearance and reflux of milk or formula-based prod-
ucts.”® These methodologies may be helpful in determining
the specific problem in these children.

Controversy exists on the use of surgically placed gastros-
tomy tubes. The use of these devices may provide a feeding
method that can be safer than nasogastric feeding tubes.
A surgically placed gastrostomy tube may allow feeding
therapists full access to the child’s face unencumbered by a
tube in the nose or mouth while providing adequate nutrition.
Working with the child’s oromotor function is essential to the
eventual resumption of total oral feeding capabilities. The
role of the gastroenterologist/feeding specialist is to monitor
and assist the family to help the infant maintain adequate
growth, good pulmonary protection, and appropriate devel-
opment during the first years of life.

Treatment - surgicall/invasive
management (cleft/craniofacial
surgery, otolaryngology, and
orthodontics)

Cleft/craniofacial surgery

In the multidisciplinary management of patients with RS,
a cleft/craniofacial surgeon is usually a member of the
multidisciplinary craniofacial team. From the evaluation
to the diagnosis and finally to treatment, their involvement
is focused on a few systems that can be surgically modi-
fied for patient benefit. The first system is the airway (and
its evaluation begins from presentation through to skeletal
maturity), the second system is the palate, the third is an
ongoing speech evaluation, and the fourth is a facial esthetic
evaluation.

Airway evaluation is the most critical, and two presenta-
tions are commonly seen in practice. The first is a neonate
who struggles to breathe since birth and has been hospital-
ized. The second is the child seen in the cleft clinic with the
failure to thrive, stridorous/heavy breathing, and difficulty
in food intake. In both the cases, the first step for evaluation
is a physical examination that usually demonstrates a cleft
palate, as well as micrognathia. Cleft palate is different from
the non-RS patient in that it is U shaped, as if the tongue left
an imprint in the palate. The jaw is variably retrusive, rang-
ing from obvious to very subtle. Although the maxillary to
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mandibular step off in occlusion is measured, a favorable
occlusal relationship does not rule out RS.#

A computed tomography (CT) scan is also obtained rou-
tinely. One of the reasons is to delineate the three-dimensional
(3D) anatomy of the mandible. From these images, decisions
are made regarding mandibular osteotomies, distractor
placement, and vector. Also, the scout films from CT images
can demonstrate the tongue base position. A sleep study is
obtained, with the above caveats of a lack of normative data
as well as the knowledge that any child with a cleft palate
will have a higher likelihood of having an abnormal result.*¢>

Once these tests are obtained, a plan to secure the airway is
formulated. In severe cases, when a child cannot be intubated,
tracheostomy is performed. Beyond tracheostomy, there are
operative and nonoperative options. Utilization of these
methods depends largely on the expertise of the available
multidisciplinary team.'® In mild cases, prone positioning
or NP tube placement can sometimes be used while waiting
for “catch up” mandibular growth.*

For more severe cases, either tongue—lip adhesions
(TLAs) or mandibular distraction osteogenesis (MDO) is
utilized. Studies show a definite preference exists, based on
surgeon training and specialty, as well as the team experience
in the management of RS."” Some teams almost exclusively
attempt nonsurgical management with tracheostomy as the
airway salvage procedure, some teams perform a mix of
procedures depending on severity with TLA reserved for
less serious nonoperative failures, whereas other teams, use
MDO as the first-line treatment for all patients with sleep
study results above a certain threshold.>"*

In the mandible with glossoptosis, TLA serves to reduce
the obstruction present in the airway because of the tongue.
The anterior tongue is sutured to the lip (mucosa with or
without muscle) and the posterior tongue to the midline chin
with a circummandibular suture.’ Tongue and lip mechanics
are altered with this nonanatomic procedure, with some stud-
ies demonstrating the problems of feeding and swallowing
while others showing minimal problems and weight gain.
Either way, the risks of the procedure are fairly minimal
with dehiscence and scarring being the most common. The
improvement seen with the procedure is likewise modest,
with a significant portion of children failing the procedure and
requiring MDO or tracheostomy.?** It must also be reversed
and usually is during palate surgery (if indicated). Very few
studies have been performed with pre- and post-operative
sleep studies, but those that have been performed show that
success is highly variable and is likely dependent on patient
characteristics.*-

A more recent technique, MDO, is a significantly more
invasive option with much less time in clinical use. Originally
described by Illizarov in the 1960s for limb deformities,
neonatal mandibular distraction has only been used for the
past 20 years in the treatment of RS.'®” Distraction osteo-
genesis relies on the biologic principle that an osteotomized
bone slowly pulled apart will fill the residual gap with
bone. There are three components in this process: latency,
activation, and consolidation. Latency is the period of time
(usually between 1 and 5 days) after osteotomy and before
activation. During activation, the bone is actively pulled apart
at a rate of 1-2 mm per day. After the desired lengthening,
the bone is formed during consolidation and the regenerate
is mineralized (usually twice the time of activation). Thus
for a 2 cm lengthening, the entire procedure takes ~60 days
(overnight latency, 20 days for activation, and 40 days for
consolidation).” Distraction can be performed using external
or internal devices. External devices can cause more scarring,
but internal distractors require removal which carries similar
risks as the index procedure. These risks include infection,
tooth damage, facial nerve damage, and temporal mandibular
joint (TMJ) ankyloses.'73%>

MDO is highly efficacious in the treatment of tongue base
airway obstruction as shown in multiple studies at multiple
centers, using multiple devices and techniques.’>*%° The
original anatomic problem is corrected, and the tongue base
is anteriorly repositioned. Although studies have tried to
elucidate the necessary amount of lengthening, radiologic
measurements do not easily correlate with clinical status.
Thus, it is usually performed so that the lower jaw is slightly
longer than the upper jaw. A relapse in length due to poor
growth has been seen in some children and is the reason for
overcorrection.!”-18

After successful distraction in neonates, palatal surgery is
contemplated in the RS patients with cleft palate. The opera-
tive method is still debated, and the choice is likely to depend
on surgeon experience. Regardless of operation, the smaller
airway in nonsurgical RS patient leads to a delay in operation
beyond 1 year until the clinical judgment of the surgeon, the
physical examination, and the sleep study all indicate that
the palate can be closed (creating a smaller airway) in a safe
fashion.®! Interestingly, when a neonate undergoes MDO, the
palate can be safely closed at 10—12 months of age, which is
the standard time of closure in non-RS patient.®

Palatal closure begins a time of observation, both for
mandibular growth and for speech development. As the sites
for osteotomy in MDO do not affect the presumptive growth
centers of the mandible, growth continues normally. On rare
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occasion does the procedure need to be repeated (in our series
of over 150 patients, two required re-distraction within 5
years of age). Children are monitored for signs of recurrent
OSA including snoring, daytime somnolence, headaches, and
changes in behavior.'> These symptoms would prompt a new
evaluation for sleep apnea starting with a polysomnogram.

Similarly, with appropriate palatal surgery, healing then
involves a time of observation of speech. Within the confines
of a cleft and craniofacial center, these children are evaluated
on a yearly basis for the development of speech and specifically
the presence of velopharyngeal insufficiency. This is performed
by the collaboration of a speech and language pathologist and
a cleft-trained surgeon. Nasal endoscopy, usually tolerated
around the age of 4 or 5 years, is capable of visualizing incom-
plete closure of the velum. The rate of fistula and impaired
speech are within the same range as that for a non-RS child
with cleft palate.® This is not true in all centers, with others
reporting a higher rate of velopharyngeal insufficiency, but
these are likely due to the heterogeneous populations of RS
patients as well as RS experience of surgeon .61:6364

A yearly evaluation for airway and speech problems is
performed. Upon skeletal maturity, a significant number of
patients will require orthognathic surgery for their Angle
class I dentition (upper jaw is more anterior than lower jaw).
Special considerations of a smaller tooth bearing mandibular
segment with a normal number of teeth pose challenges to
orthodontist, but after orthodontic treatment, the performance
of a bilateral sagittal split osteotomy of the mandible should
provide a standard solution to retrognathia. In certain cases,
where the teeth are aligned but the chin appears small,
simple autogenic or alloplastic chin augmentation can be
performed.5-%

Otolaryngology

In the multidisciplinary management of patients with RS,
an otolaryngologist is involved in the management of other
airway lesions as well as consideration of hearing in con-
junction with a possible cleft palate. The goal of treating
patients with RS is to achieve an adequate airway to allow
the children to grow, by breathing at ease and eating safely.
Other than airway, the connection between cleft palate and
otitis media has been well established. A significant majority
of cleft palate children will require myringotomy and place-
ment of pressure equalizing (ventilation) tubes in an effort
to minimize liquid (serous or mucoid) in the middle ear.*”-¢
This approach allows hearing to be maximized. Even after
cleft repair, many children will require further ear tubes to
maintain good hearing.

Patency of the complete airway is required for adequate
ventilation. Evaluating the airway for multiple levels of
obstruction makes logical sense. Andrews et al reported a
28% incidence of other (non-tongue base) airway lesions.® In
the general pediatric population with OSA, the incidence of
laryngomalacia is 3.9%, and overall second airway lesions
are present in 12%-51% of children.””™ Examples include
common problems like laryngomalacia, subglottic stenosis,
true vocal fold motion impairment (previously referred to
as true vocal fold paralysis or paresis), tracheomalacia, and
bronchomalacia. Rare conditions like complete tracheal
rings and vascular compression of the trachea or bronchi are
also easily identified.” Except for laryngomalacia, each of
these problems, if severe enough, requires tracheostomy to
stabilize and control the airway. The presence of any of these
lesions has the potential to obviate the utility of surgery for
the tongue base airway obstruction (TBAO).

Other nonoperative methods for managing the airway
include a nasopharyngeal tube to bypass the tongue base.
Abel et al*® reported an 86.5% success in nonoperative
management of upper airway obstruction in RS. Although
the NP airway is a temporary treatment, not cure, for the
pharyngeal obstruction, it can provide an airway to allow
the child to breathe, without intubation or tracheostomy, in
the short term. Use of an NPA tube requires vigilance of the
caregivers, to monitor and prevent or treat obstruction. In
this method, airway obstruction can be caused because of
the occlusion of the tube by mucus or dislodgement. This
approach would generally also requires continuous monitor-
ing, such as a cardiac apnea monitor or pulse oximeter. Addi-
tional equipment, such as a suction machine and associated
disposables (canisters, tubing, suction catheters, etc), add to
the complexity and cost.

Certainly, endoscopy can show the level and degree of air-
way obstruction.” The actual severity of the entire breathing
disorder is probably best quantified by use of PSG. As rec-
ommended by the American Academy of Pediatrics (AAP),
PSG is the only test that quantifies the degree of severity of
airway obstruction.”” However, it does not determine the site
of obstruction; hence, endoscopy remains vital to determine
the place of blockage.

Several methods exist to evaluate the airway. These range
from radiographic methods (airway fluoroscopy) to flexible
and rigid endoscopy. X-rays have disadvantages: ionizing
radiation can lead to later malignancies, images are only
two dimensional, and in black and white, instead of color.”
Endoscopy can provide dynamic, full color, 3D evaluation of
the airway and remains as the preferred modality.
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Rigid endoscopy, which has been available for more
than a century, gives an excellent view of the airway with
better optics (with the use of Hopkins rod telescopes) than
flexible endoscopy.” A disadvantage of rigid endoscopy is
the concern for unnaturally distorting the airway anatomy,
by pushing or propping structures into a more open position.
This problem exists for flexible endoscopy as well: perioral
endoscopy may keep the tongue from collapsing; transnasal
endoscopy could prop up the soft palate anteriorly. Addition-
ally, in children with severe micrognathia, passing a rigid
endoscopy to the larynx could be limited by laryngeal size,
pathway, and exposure. Flexible endoscopy can easily navi-
gate the bends in the airway. Based on these factors, most
practitioners will opt for flexible endoscopy to evaluate the
entire airway, with one endoscope and one pass starting at
the nostrils and continuing distally.

Based on comfort and judgment of the surgeon, either
approach can be used to evaluate both secondary airway
lesions and tongue-based obstruction. Endoscopic find-
ings that are pathognomonic for RS include a tongue that
is able to rotate dorsally around a pivot point of the tongue
base, flipping through a cleft palate to obstruct the airway.
Another finding that indicates the possibility for successful
tongue-based surgery is a jaw thrust under direct visualiza-
tion that appears to move the tongue base anteriorly out of
the airway proper.

Endoscopy for airway evaluation has the advantage of
identifying these secondary airway lesions, of which laryn-
gomalacia is the most common congenital reason for stridor.
Classic symptoms include an inspiratory noise (which can
be high or low pitched). The noise worsens with anything
that increases airflow through the larynx, by creating greater
pressure drops. According to the Bernoulli principle, as the
velocity of flow increases, the pressure drops exponentially.
This principle can be applied to the laryngeal lumen where
airflow increases as it enters the trachea from the pharynx,
drawing in abnormally flaccid supraglottic tissue, thus caus-
ing obstruction of the airway.*® Thus during feeds, crying
or anything that makes the child distressed, the noise, and
obstruction can worsen. Positioning the child prone (oppo-
site of the “back to sleep” campaign from the AAP) allows
the larynx and tongue base to fall away from the posterior
pharyngeal wall, thus opening up the airway.

Laryngomalacia can be classified as mild, moderate, or
severe in three domains: endoscopic appearance, symptoms,
and PSG data. Several classifications of the appearance of
laryngomalacia on endoscopy exist, but these do not correlate
well with clinical features of severity.$!52

Treatment of laryngomalacia depends on the overall
effects on the child. In mild cases, expectant observation
may be sufficient. Most children would be expected to grow
out of symptomatic laryngomalacia (though they may still
have laryngomalacia on endoscopy) by 18 months of age.®
As the severity of symptoms and PSG data increases, addi-
tional measure will be taken. Nasal cannula oxygen can act
as mini-CPAP in small children.® Inhibiting gastroesopha-
geal, or more accurately, gastrolaryngeal (commonly called
laryngopharyngeal or LPR) reflux may reduce inflammation
in the larynx enough to provide an adequate airway.®* The
airway does not have to be perfect, but merely good enough
to allow the child to safely thrive. Thompson provides a useful
algorithm for management.®?

If a child cannot achieve a stable airway with appropri-
ate growth and development, most pediatric otolaryngolo-
gists would offer a supraglottoplasty, where floppy tissue is
removed to allow the airway to remain open. A number of
variants in technique (cold steel vs laser; unilateral vs bilat-
eral; excision of tissue vs tacking the anterior surface of the
epiglottis to the posterior tongue base) exist, and like many
operations, proponents vary in their preferences.’*® Prior
to the advent of endoscopic treatments, the only definitive
treatment was tracheostomy, which completely bypasses the
larynx for air flow.

Original descriptions of mandibular distraction contrain-
dications listed laryngomalacia as a reason for tracheostomy.
Some thought that the two airway lesions would combine
to damage the beneficial effects of distraction. Work in our
institution has shown that laryngomalacia is not a reason for
tracheostomy, and that mandibular distraction may benefit
children with laryngomalacia by tethering and stiffening up
the anterior supraglottic structures bound to the mandible.
Thus, pulling the larynx forward can prevent the larynx from
suctioning against the posterior pharyngeal wall, but it would
not necessarily prevent the supra-arytenoid tissue from still
flopping into the laryngeal introitus.’* Thus, the standard
protocol is an airway evaluation in the operating room by
otolaryngology to confirm TBAO and to demonstrate any
secondary lesions. The presence of laryngomalacia is treated
with laser supraglottoplasty at the discretion of the surgeon.
This approach optimizes the airway, ameliorates the airway
obstruction, and prevents the need for tracheostomy in this
patient population.

Orthodontics
An orthodontist’s role in providing care for the RS patient is
primarily focused on both skeletal and dental development.
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Primary developmental concerns include narrow maxilla
transversely secondary to clefting, bimaxillary retrognathia
with increased severity in the mandible, and tendency toward
vertical facial growth.®*® Primary dental concerns include
class Il malocclusion, severe crowding, hypodontia, and tooth
bud injury secondary to mandibular distraction. Although the
orthodontist is responsible for correcting the malocclusion
and establishing a functional dental relationship, one should
note it is important to note that the standard treatment time-
line may always be altered if airway becomes compromised.
Collaboration with an orthodontist at these critical junctures
can optimize functional outcomes since possible jaw surgery
can lead to significant malocclusion.

RS patients are commonly treated with multi-phased
orthodontic therapy for optimal results. These patients
should begin orthodontic observation by the time the primary
dentition has erupted and should be monitored continuously
throughout the critical stages of development. As clinician
preferences and expertise vary, many RS patients will begin
being monitored by an orthodontist as early as infancy. As
an RS child develops into a stage of mixed (primary and
permanent) dentition, the orthodontist will evaluate their
unique needs.

An individualized phase I orthodontic treatment plan
will typically be utilized in order to reduce the severity of
malocclusion. Commonly used approaches may include
an orthodontic expansion appliance as well as orthodontic
appliances (braces) in order to alleviate crowding and create
symmetry of the dental arches. Dependent on the severity of
crowding, the patient may need to be evaluated for extraction
therapy; however, this is typically avoided until phase II if
possible.

Upon completion of phase I treatment, an RS patient
is monitored through adolescence for skeletal growth and
dental development. Catch up growth of the mandible may
be possible, which is common for a large majority of patients
to require orthognathic surgery at skeletal maturity. The
anteroposterior discrepancy of the maxilla and mandible as
well as facial esthetics will commonly dictate the necessity
and extent of orthognathic surgery. Special consideration
for orthodontic treatment can be given to those patients who
present with a mild anteroposterior discrepancy.

Phase II orthodontics is utilized to finalize the placement
of the permanent dentition. Final decisions regarding missing
and malformed dentition, crowding, and skeletal discrepan-
cies should be made prior to proceeding with tooth move-
ment. Dental movements for the orthognathic patient will be
opposite to those of the orthodontics alone patient. Extrac-

tions may be utilized in order to pre-surgically increase the
anteroposterior discrepancy resulting in a larger mandibular
advancement. For an orthodontics patient, class II orthodontic
correctors such as intraoral elastics or forsus springs may be
utilized to establish a class I occlusion. An elective surgical
procedure may be utilized to enhance the prominence of the
chin if esthetically beneficial.

Conclusion

Although the optimal management of the acute RS patient
has been exhaustively described, there are still staunch pro-
ponents of both operative and nonoperative management
of the airway. Within the group of operative management
proponents, there is a disagreement regarding the optimal
procedure. Because of heterogeneity in the severity of RS,
long-term prospective studies that are preferentially random-
ized would provide the best-level evidence on the airway
management of these patients.

New investigations into the long-term consequences of
RS are being undertaken at multiple institutions that are
independent of the airway management question. One such
area is the question of the optimal management on the dif-
ficulties of feeding. These feeding difficulties have anecdot-
ally (at the authors’ center) been significantly ameliorated
via mandibular distraction, but the literature varies in both
the management and the effect of airway management on
the feeding difficulty.

Another area of interest is the orthodontic issues regard-
ing having a jaw that is too small and a normal number
of teeth. As stated earlier, extraction is a method that can
reduce this overcrowding, but does not affect the overall
esthetics. A management plan that integrates the functional
need to space the teeth appropriately and the esthetic con-
cerns of a very convex face would provide benefit to many
RS patients.

Long-term neurophysiologic outcomes are also of impor-
tance, as the ability to breathe without increased energy
expenditure may translate to a better performance at skeletal
maturity from a number of parameters. The timing as well
as the type of intervention is likely to affect this parameter.
Ongoing studies are measuring the outcomes of these popula-
tion within differing age groups.

As can be seen, the management of RS patients is much
more complex than simple airway management. This study
has included an algorithm to outline the multidisciplinary
management of RS (Figure 1). The management of these
patients in the acute setting has coalesced a group of special-
ists interested in the management of these patients over the
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Figure | A flowchart algorithm of assessment and treatment management of Robin sequence.
Abbreviations: MDO, mandibular distraction osteogenesis; NP, nasopharyngeal; VP, velopharyngeal incompetence.

longer period of growth to skeletal maturity. Future studies
involving the aforementioned areas, as well as others, will
likely provide a standardized pathway for the care and man-
agement of these complex patients.
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